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@ Chemical DNA synthesis. 




@ A process for the production of oligonucleotides such as 
DNA is disclosed which comprises the phosphite triester 
method on inorganic solid support in which a hindered dialkyl- 
amrno nucleoside phosphite having a total of 4 to 6 carbon 
atoms in the dialkyl group is employed as an intermediate 
reagent in the synthesis. The solid support preferably is 
controlled pore glass with a long spacer. 
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Background of the Invent 



ion 



This invention relates to the chemical synthesis 
of oligonucleotides such as DNA. 

DNA is a double-stranded, polymeric molecule 
comprised of a chain of deoxyribose residues linked by 
Phosphodiester bonds. One of four bases, adenine (A), 
thymme CT>, cytosine <C>, or guanine (G) is connected' to 
eacjL^g^^ 

a r%j*t *. ~ — _ • . 



. w. , 1IC wi^m contains 

and transmits genetic information, and living cells use 
the information coded in DNA to synthesize proteins. 
This information is contained encoded by the sequence of 
the four bases. 

With the advent of recombinant DNA technology 
- the past decade, a variety of biologically active proteins 
can now be synthesized by genetically engineered micro- 
organisms which are not normally produced by such micro- 
organisms. Hormones such as somatostatin, insulin 
thymosin and human growth hormone are typical examples 

0 L71 ,BP ° rt ' n " ° f ™ — ^ « • ^-amenta! 

I 96n6tlC • nBW "" *" th. construction of genes 

Probes, linkers, primers and the li ke is well - k nown. 

Several general methods have been developed for 
the chemical synthesis of DNA. The first practical method - 
the so-called diester method - was developed P rimari ly by 
Knorana and associatee „•_ . • ■ 

associates and is summarized in Scienc e 203 

•H-«3 C979,. T„ b . s ic step fn tMs mnh ^^ a - 

Joining of two appropriately protected deoxynuc lent ides 
to for. d,deo* y n U c,eotide containing a pnosphodiester pond. 
By r,„ov,, of th, protecting groop fro. either end of the 
=h.,n, the process can oe repeated and the chain extended, 
major d,sad„,„,a g e of this »ethod is that it is v 9 r y s 1o U 
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A more recently developed method, which has 
advantages in speed and yield, is the so-called triester 
method introduced by Letsinger and associates, 
J. Amer. Chem. Soc . 88, 5319 (1966), ibid 89 , 4801 (1967), 
5 The principal difference between the diester method and 
the triester method is the presence in the latter of an 
extra protecting group on the phosphate atoms of the 
reactants and products- In the triester method the direct 
product of the condensation is a triester of phosphoric 
10 acid. 

The basic triester method has been modified 
and improved by various investigators. The phosphite 
triester approach developed by Letsinger and co-workers 
constitutes one such improvement. J. Amer. Chem. Soc . 97, 
15 3278-3279 (1975), ibid 98, 3655-3661 (1976). This approach 
involves the condensation reaction of an appropriately 
protected nucleoside, a bifunctional phosphitylat ing 
agent such as methoxydichlorophosphine and a second 
protected nucleoside. 

20 According to another such improvement in the 

triester method, the solid-phase synthesis procedures for 
making polypeptides ha* been adapted to oligonucleotide 
synthesis. In these procedures, the initial nucleotide 
is attached to an inorganic solid support material such as 

25 silica and followed by the stepwise addition of nucleotides 
in any desired sequence. See, e.g., Blossey and Neckers, 
Eds., "Solid Phase Synthesis," Academic Press, 'New York, 1975. 
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10 



Combinations of the phosphite t Hester procedure 
and the silica solid-phase procedure also have been developed 
independently by 0gi lv ie and associates, Tetrahedron L.tt . 
C1980), p. 4159; Science 214, 270-274 (1981); and by 
Caruthers : and associates, Tetrahedron l .r, 2J, 719 (1980) 
ibid 22, 18 59-1862 (1981) and J. Amer. o-. w 103 , 
3185-3191 (1981). The latter procedure also is desTTibed 
in Eur. Pat. A PP 1 . 35,719. These two groups of investigators 
have adapted the phosphite triester sil ica sol id-phase 
procedures to the autom a.t.ed.synthes^-of-DNA-as-reported-in— 
their foregoing publications. 



15 



One of the main problems that still exists with 
the phosphite triester method is the instability of the 
reactive intermediate reagents such as the phosphochloridites, 
the dimethylaminophosphoramidites and the tetrazol ides. 

Further background information on the chemical 
synthesis of DNA can be had by reference to the review 
paper by Itakura and Riggs, Science 209. 1401-1405 (1980) 
and references cited therein. 
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Description of the Invention 

In accordance with the present invention, 
oligonucleotides such as ONA are synthesized by the 
phosphite triester method on an inorganic solid-phase 
support in which a bifunctional phosph it yl at ing agent 
is used to provide a hindered dialkylamino nucleoside 
phosphite intermediate reagent and in which said dialkyl 
groups have a total of from 4 to 6 carbon atoms. The 
diethyl-, di isopropyl-, and methy Idi i sopropylamino 
nucleoside phosphites are illustrative of these hindered 
reagents. 

The known dimethy lamino nucleoside phosphite 
intermediate reagents described by Caruthers and co-workers, 
supra » have been demonstrated to be effective in the 
formation of internucleotide phosphate bonds. The reaction 
is fast and good yields can be obtained in reactions on 
solid supports. However, provision for increased reagent 
stability while maintaining a rapid condensation rate with 
solid supports is desirable and has been unexpectedly obtained 
with the larger molecule hindered derivatives of this 
invention compared to the smaller molecule dimethyl derivatives 
of Caruthers. 
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The intermediate dialkylamino nucleoside phosphite 
reagents employed in this invention can be represented by 
the following formula I: 




wherein B = 



protected purine 
base, 



or pyrimidine 



R = 



R l +R ; 



X = 



protecting group, 

alkyls in which the total 
number of carbon atoms is 
4 to 6, 

alkyl having one to 6 
carbon atoms , and 



H or OR . 

In the above formula, R can be any conventional 
protecting (blocking) group such as,for example, trityl 
methoxytrityl, dimethoxytr ityl , Pival yl i sobuty 1 ox ycarbony 1 
t-butyl-dimethylsilyl and s . m . lar such protecting group ^ ' 

X is H for DNA and OR for RNA oligonucleotides- In RNA, 
uracil replaces the thymine pyrimidine base of DNA. 
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It has been found that the hindered dialkylamino 
nucleoside phosphites used in the present invention 
exhibit substantially greater stability than the previously 
known dimethyl derivatives without loss of reactivity. 
The increased stability of these reagents makes them more 
amenable to use on automated gene synthesizers where 
stock solutions of reagents are desirably maintained for 
about 12 to 24 hours. Also, yields of DNA were obtained 
in the general range of about 50-100% higher using 
diethylamino nucleoside phosphites instead of the prior 
art dimethyl derivatives. 

The hindered dialkylamino nucleoside phosphites 
are readily prepared by reaction of appropriately protected 
nucleosides or deoxynuc 1 eosides with excess dial kyl amino- 
alkoxy halophosphines in which alkoxy preferably is methoxy 
and halo preferably is chloro or bromo but especially chloro. 
Illustrative of these phosphines are the diethyl-, 
diisopropyl-, and methyl isopropylaminomethoxy chloro- 
phosphines. Following hydrolytic workup, the desired 
phosphite product can be isolated by precipitation into 
cold hydrocarbon solvent such as cold hexane (e.g.* at 
-70 C). Since these phosDhite products are acid sensitive, 
they should be kept free of acidic impurities. 

The dialkyl aroinoal koxy halophosphines used in 
the foregoing reaction can be initially prepared by 
amination of al koxyd ihal ODhosphine with about a two-fold 
molar excess of the corresponding dialkylamine accompanied 
by elimination of dialkylamino hydrohalic salt.i 
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^ h *' details on suitable methodology f 0P makl - ng 
the inn., dialkylaminonethoxychlorophosphines and then the 
d^alkylamino nucleoside phosphites can be had by reference 
to Beaucage and Caruthers, Tetrahedron Lett. 22 (20) 
W3M862 C1981), and by substituting thTTarger molecule 
-l.lkyl..1n., having a total of 4 to 6 carbon atoms f or an 
equivalent amount of the dimethyl am ine reported in said 
publication. 
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Alternatively, the dial kylaminomethoxychlorophosphines 
can be prepared by heating mole equivalent amounts of 
d.chloromethoxyphosphine and dialkylaminotrimethylsilane. 

o lowing evaporation of the byproduct, 
the de S1 red product can be distilled. 

The aforesaid hindered dialkylamino nucleoside 
Phosphite reagents can then be used in the phosphite triester 
spthes.s of 0 NA on inorganic solid phase support materials in 
Place of the dimethylamino nucleoside phosphite used for such 
sxnt esis in the prior art. In th1 . synthesis , th- 
no e f ture of the present invention comprises condensing 

he 5 -OH group of a nucleoside or oligonucleotide covalently 
link* to an inorganic " sol id support through the 3'-0- linkage 
of sa ld nucleoside or oligonucleotide with a dialkylamino 
nucleos.de phosphite of formula I, su^ra, <nit .. d of the 
dimethylamino nucleoside phosphite. 

it h« k l0 / CC ° rdanCe With another "Pect of the invention, 
« has been found that the use of controlled pore glass 
-stead of ordinary silica gel of the prior art for the 

Unit PhaSe r PPOPt Pr ° VideS fUrth6r adVant ^ eS in ^e DNA 
synthes 1S . For example, use of the controlled pore glass 

support in combination with the diethy lamino nucleoside 

Phosphites provides on the order of about 100, higher yields 

than obta.ned by use of the silica gel support with the 

corresponding dimethylamino nucleoside phosphite 
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Cont rolled pore glass CCFG) is manufactured 
particularly as a support material for use in liquid 
chromatography and related processes. It is manufactured 
by Corning Glass Works, Corning, New York, and distributed 
by Pierce Chemical Company, Rockford, Illinois. CPG is 
produced from a borosilicate base material which has been 
heated to separate the borates and silicates. The borates 
are etched from the material, leaving a porous structure. 
Before etching, the material is ball milled and screened, 
to a finished mesh size. Several sizes of CPG are 
available, e.g., 5-10, 37-74, 74-125, 125-177, and 177-840 
microns- Several nominal pore sizes also are available, 
e.g., 40, 100, 250, 550, 1500 and 2500 angstroms. Any of 
these products can be used. The CPG is available 
either as plain, untreated glass, or covalently bonded 
to various compounds. A particularly desirable CPG is a 
CPG bonded to long chain alkylamine having a mesh size of 
80/100 (125-177 microns) and a nominal pore diameter of 
550 angstroms. This material is available from Pierce 
Chemical Company under Product Number 24875 and is reported 
to have the following general structure: 



# 0TMS OH 0 

J I ... 

-Si-0-Si-(CH 2 ) 3 -0-CH 2 -CH-CH 2 -O-C-NH-(CH 2 ) 6 NH 2 
^ OTMS 



25 wherein TMS = t rimet hyl si lyl . 
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The long chain terminal alkylamine arm in the above 
CPG product is reported to be about 20 angstroms long. This 
product is prepared by Glycophase (glycerol) coating of the 
CPG followed by further der ivitization with 1 ,6-hexanediamine 
to provnde a long chain spacer arm. Space rs of still greater 
chain length can be made by derivitization with al kyldiamines 
having alky, groups of greatep ^ 

ian,lne ° U H Pr6i ^«* ".t the total chain length of the 
spacer counting outwardly f rom the silicon atom with the 
penda nt OTMS be such as to have at least 15 atoms in the chain, 

-0 o ^ " mPri5 ' n9 9enera,1y -^" ^en-and-n^ogen, 

Use of 15-30 such atoms is eminently suitable. 

Attachment of nucleoside to the solid support for 
use in the phosphite triester synthesis of DNA is conveniently 
carried out by conventional means. This attachment can be 
-de by joining the derivitized solid support through amide 
or ester formation to the free carboxy group of nucleoside 
whnch has been modified to contain the half ester of a 
dicarboxylic acid, e.g., succinic or adipic acid. The chain 
length of the dicarboxylic acid can contribute to the total 
cha.n length of the spacer arm between the solid support 
and the nucleoside. Thus, adipic acid would add 10 atoms 
to the spacer. 

The following eaa.ples will further , Iluttr , te 
the «„„ aUhough „ „,„ be understoQd 

J. not „.„«, t0 thM . detaiIed exanpUs _ jn . thesj 

m> »«„s nuclear .agnetic resonant 3nd ^ „ eans tM „ , 

chromatography. 

i 

30 h , J"' dl ' 1 ' SOPPOPy1 - and -ethyl isopropyl- aminomethoxy- 
chlorophosphines and the corresponding nucleoside phosphites 
Prepared therefrom in the following examples are novel compounds. 
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EX AMPLE 1 

Preparation of N-protected 2 '-deoxynucleosides: 
N-6-benzoyl-2'-deoxyadenosine (2a) 

To a stirred suspension of 20.0 g (0.080 mole) of 
5 2-deoxyadenosine la (monohydrate is first dried by evaporation 
with pyridine) in 200 ml of anhydrous pyridine 56 g (0.40 mole) 
of benzoyl chloride is added dropwise over 15-20 minutes. The 
reaction is stirred for 2-1/2 hours after which it is poured 
into 2.0 liters of 0.01 M triethylammonium bicarbonate (TEAB) 

10 solution and extracted with dichl oromethane (3 x 300 ml). The 
organic layer is concentrated to 140 ml on a rotary evaporator 
and then diluted to 400 ml with methanol and cooled on ice. 
With vigorous stirring, 240 ml of cold 2 N sodium hydroxide 
solution (1:1 methanol /water) is added to the ice cooled 

15 solution and the reaction is continued for 12-15 minutes 
at which point sufficient Dowex®50X8 ion exchange resin 
(pyridinium form) is added to neutralize the reaction. The 
resin is filtered and washed with methanol and the filtrate 
is evaporated. The resulting oily residue is taken up in 250 ml 

20 of warm water and shaken with ether (2 x 250 ml) which is 

removed by aspiration. Cooling gives white crystalline product 
which is filtered, washed with cold water and dried to afford 
20.3 g (71%) of product 2a with MP 112-121°C. (lit. 113-115*). 
MIR: <5(DMS0 d-6) ll.Kbs, 1H), 8.75(s, 1H), 8*70(s, 1H), 

25 8.1(dd, J = 2,7 Hz, 2H), 7.5(m, 3H), 6.5(t, J = Hz, 1H), 

5.4(bs, 1H), 5.1(bs, 1H), 4.5(m, 1H), 3.9(m, 1H), 3.6(m, 2H) , 
2.8(m, 2H). i 



* Schaller et al., J, Amer. Chem, Soc . 85, 3821 (1963). 
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. N-4-ben?oyl-2 'tW^ ^ 

To a stirred suspension of 21.1 g < 0 .08 mole) of 
2 -d.oxycyto.1ne.HCl lb in 250 .1 of pyridine containing 12.0 g 
of tr^thylamine 56 g C0.40 mole) of benzoyl chloride is 
added dropwise over 15 minutes. The reaction is stirred at 
room temperature for 2-1/2 hours and then poured into 2.0 liters 
of 0.01 n TEAB. Extraction with dich loromethane (3 x 300 ml) 
followed by evaporation af ford s „ a _ M h-it e - S o-1-id- w hich-i s - 



d ssolved ,„ 500 ml of THF and added to a solution of 500 ml 
THF 700 ml methanol and 300 ml water and cooled on ice to 3°. 
With vigorous stirring, 200 ml of ice cold 2 N sodium hydroxide 
so ut.on (1:1 methanol/water) is added and stirring is continued 
for 10 mi nutes. After neutralization with Dowex® 50X8 ion 
exchange resin Cpyridinium form) and filtering, the solution 

™T rat6d " mK «"* -^r C2 x 300 ml - 

emo ed by asp.ration) the solution is cooled to afford 19.0 g 
C71X) of product 2b after filtration and drying. 

7oZT\T'™- Nm " ^^-6)8.4^^, lH> , 

8-0 dd, j = 2,8 Hz, 2H), 7.5Cm, 3H) , 7.3Cd, J =7 Hz , 1H ), 
6.1 t, J = 6 Hz, 1H), 4.2 Gn, 1H), 3.8(m, 1 H ), 3.6(m, 2H), 
2.2 (m, 2H), 



*Schaller, supra 
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N ^-isobutyryW-deoxyguanosine (2c) 

To a suspension of 21 g (0.078 mole) of 2 f -deoxy- 
guanosine Vc in 300 ml of anhydrous pyridine stirred at 0° 
in an ice bath, 82 g (0.78 mole) of isobutyryl chloride is 
5 added over 1-1/2 hours. The reaction is stirred for an 

additional 1 hour at 0° and then poured into 1.2 liter of 0.01 M 
TEAB and extracted with die hloromethane (3 x 200 ml). The 
organic layer is then back-extracted with 10% sodium carbonate 
solution, dried (sodium sulfate)., and concentrated to 300 ml. 

10 With cooling on ice, 300 ml of cold methanol is added followed 

by 600 ml of 2 N sodium hydroxide solution (1:1 methanol /water ) . 
The reaction is stirred at 0° for 25 minutes and neutralized with 
Dowex^SOXS ion exchange resin (pyridinium form). The resin 
is filtered* washed with methanol and the filtrate is evaporated 

15 to a white solid which is redissolved in 250 ml of boiling water. 
Cooling overnight affords 20 g (75%) of crystalline product 2c 
after filtering and drying. MP>300°C. NMR : <5 CDMS0 d-6) 
12.1(bs, 1H), 11.6(bs, 1H), 8.2(s, 1H), 6.2<t, J = 7 Hz, 1H), 
5.3(d, J = 5 Hz, 1H), 4.9(t, J = 6 Hz, 1H), 4.4(bm, 1H), 

20 3.8(bm, 1H)* 3.5(bt, J^6 Hz, 2H) , 2.7(q, J =6 Hz, 1H), 
2.3(bm, 2H), 1.1 (d, J =6 Hz, 6H) . 



i 



0090789 

07-21- (66) 

-13- 
EXAMPLE 2 

Preparation of 5 '-0-(4, 4-dimethoxytr ityl) - protected nucleosides: 

J/.^^4'-d < ,.thoxvtr < tvn- M - < ; - < » W «oyl.g'-d^ lt v <trf ^,.,,. (33) 

A solution of 36.9 g (0.104 mole) of N-benzoyldeoxya- 
denosine 2a and 38.8 g (0.115 mole) of dimethoxytrityl chloride 
in 300 ml of anhydrous pyridine is stirred at room temperature 
for 3 hours. Methanol (2-3 .1) j s added and the w)v|tf , g removed _ 
in vacuo. The residue is taken up in ca. 100 ml of 0.01 M 
tr net hyl ammonium bicarbonate solution and extracted into 
dichloromethane which is dried (sodium sulfate) and evaporated. The 
residue is redissolved in 50 ml of 7:3 dichloromethane/acetone 
and is purified in five equal batches on a Waters Prep LC-500 
using silica cartridges and eluting with 7:3 dichloromethane/ 
acetone. The combined fractions containing product were 
evaporated, redissolved in 150 ml of chloroform and precipitated 
by dropwise addition to 3.0 liters of vigorously stirred pentane. 
The product was filtered and dried to afford 56.4 g (83%) of 3a *. 

71-75 C * NMR: 0(CDC1 3 ) 9.3(bs, IH), 8.7( S , IH) 
8.1 (s IH) 8.0(dd, j -2,8 Hz, 2H), 7.2-7.5C. 12H), 6.7(B of A8, 
J -7 Hz, 4H), 6.3(t, J =6 Hz, IH), 4.7(bm, IH), 4.2(bm, IH), 
3.7( S , 6H), 3.4(m, 2H), 2.6(m, 2H). 



*Scha11er, supr^ . 
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5 , -C4,4'-dimethoxytrityl )-N-4-benzoyl-2 '-deox vcvt idine (3b) 

A solution of 26.6 g (0.08 mole) of N-benzoyl-2 '-deoxy- 
cytosine 2b and 29.8 g (C.088 mole) of dimethoxytr itylchloride 
in 250 ml of anhydrous pyridine is stirred at room temperature for 
5 2 hours and the product is obtained after workup and chromato- 
graphy (elution solvent - 55:45 dichl oromet hane/acetone) 
described above for the adenosine derivative. Yield, 38.8 g (77%). 
MP 113-126°C. CHt. 119*). NMR: <5cCDCl 3 > 9.2(bs, 1H), 8.3Cd, 
J * 8Hz, 1H), 7.8 Cdd, J = 7Hz, 2H), 7.2-7.5(m, 13H), 6.8CB of 
10 AB, J = 8 Hz, 4H), 6.3(t, J = 6 Hz, 1H), 4.5Cbm, 1H), 4.2(bm, 
1H), 3.7(s, 6H), 3.4(m, 2H), 2.8(m, 2H). 

5 , -(4,4 , -dimethoxytrity1-N-2-isobutyryl-2 , -deoxyquanosine (3c) 

A solution of 25.3 g (0.075 mole) of N-i sobutyryl- 
deoxyguanosine 2c^ and 280 g (0.083 mole) of dimet hoxyt rit yl- 

15 chloride in 250 ml of anhydrous pyridine is stirred for 2 hours 
at room temperature and then worked up and isolated as in the 
case of the adenosine derivative (elution solvent - 55:45 
dichloromethane/acetone) to afford 32 g (67%) of product. MP 
136-142°C. NMR: 6(CDC1 3 ) 7.8(s, 1H), 7.1-7.3(m, 9H) , 6.7(B of AB, 

20 J = 8 Hz, 4H), 6.1(t, J = 6 Hz, 1H), 4.7(bm, 1H), 4,2(bm, 1H), 
3.7(s, 6H), 3.3(m, 2H), 2.4-2.8(m, 3H), 1.2(d, J = 6 Hz, 6H) . 



*Schaller, supra 
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.5W4,4'-dimethoxvtr-i tyl)thymid-in» (3d) 

A solution of 24.2 g (0. 10 mole) of thymidine Id and 
37.3 g (0.011 mole) of dimethoxytritylch loride in 300 ml of 
pyridine is stirred at room temperature for 4 hours. The 
solvent is evaporated in vacuo and the gummy product is dissolved 
in dichloromethane and extracted with 0.05 M tr iethylammonium 
bicarbonate solution (x2) . The organic layer is dried (sodium 
sulfate) and evaporated and the resulting foamy residue is 

-d-i-sso-lved-in-600-m-l-of-b^MTin^- benzene. A crystalline product 

forms overnight which is filtered and boiled in 200 ml of benzene. 
The cooled mixture is filtered and dried to afford 50.6 g (93X) 
of product 3d. MP 119-123°C. (lit. 116-118*). NMR: frcDM) 
9-5(s, 1H), 7.5(s, 1H), 7.2-7 .4(m, 9H), 6.8(B of AB, J = 8Hz, 4H), 
6.4(t, J = 6 Hz, 1H), 4.5(m, 1H), 4.0 Cm, 1H), 3.7(s, 6H), 
3.3(ro, 2H), 2.3(m, 2H), 1.3(s, 3H). 

EXAMPLE 3 

3'-Succinyl Esters of 5 '-dimethoxytrityl nucleoside (4) 

A solution of 2.5 mmoles of 5 (4,4 '-dimet hox yt rityl ) 
nucleoside 3, 0.31 g (2.5 mmoles) of 4-dimethylaminopyr idine 
and 0.25 g (2.5 mmoles) of succinic anhydride in 5 ml of 
pyridine is stirred at room temperature for 24 hours. Water 
(1 ml) is added and the solution evaporated. Toluene (10 ml) 
is added and evaporated and the residue is dissolved in dichloro- 
methane which is extracted with ice cold 10% citric acid solution 
Cx2), dried (sodium sulfate) and concentrated to a volume of 10 ml . 
A quantitative yield of product is obtained by precipitation 
into 150 ml of 1:1 pentane/ether followed by drying under high 
vacuum. The last traces of pentane are removed only with great 
difficulty as revealed by NMR , however, TLC (10 % water/acetonitr ile) 
reveals a homogeneous product. This procedure was carried out 
on nucleosides 3a, 3b, 3c and ld_. 



*Scha11er, su pra 
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EEAMPIE 5 

Preparation of nucleoside functional ized silica 



EXAMPLE 4 ! 

1 

Preparation of sil ica support using published method * 

A suspension of 25 g of silica gel (Fractosi 1 ® 200- 
stored for 24 hours over a saturated lithium bromide solution) in 
250 ml of toluene containing 15 ml of 3-aminopropyl triethoxysi lane 
is shaken for 12 hours at room temperature and it is then heated at 
reflux for 18 hours. The silica is isolated by filtration and then 
washed with to1uene,methano1 and 1:1 methanol/water. After shaking 
overnight in 1:1 methanol/water, the silica is washed with methanol 
and ether and dried. The silica is then suspended in 50 ml of 
anhydrous pyridine and 15 ml of trimethylchlorosilane is added and j 
the mixture is shaken overnight. The silica is isolated by filtra- I 
tion, washed with methanol and ether and dried, first in air, then I 
in vacuo, and used below in Example 5. ] 



A solution of 1.0 mmole of 3 '-succinoyl-5 'dimethoxyt rityl j 
nucleoside, 220 mg (10 mmoles) of di cy lohexy lcarbod i imide and ] 
140 mg (1.0 mmole) of p-nitrophenol in 3 ml of anhydrous dioxane 
containing 0.3 ml of pyridine is stirred at room temperature for 
2 hours. The urea precipitate is removed by centrif ugation and 
the supernatant is transferred to a suspension of 2.5 g of amino- 
propylsilica in 7 ml of DMF containing 1 ml of tr iethy lamine. This 
mixture is shaken for 2 hours. The silica is isolated by centri- 
fugation, washed with DMF (x4), THF (x3) , methanol Cx3) and ether (x3). 
After drying, 5 ml of pyridine and 2 ml of acetic anhydride are added 
to the silica, and the reaction is allowed to proceed with occasional 
shaking for 30 minutes after which it is washed with methanol (x5) and 
ether (x2) and then pumped dry. Funct ional ized silicas obtained 
in this manner reproducibly have loadings of 80-110 umoles of nucleo- 
side per gram of silica as determined by quantitation at 497 nm in the 
visible spectrum of trityl cation released by acid. This funct tonal ized 
silica was used as a solid support in Examples 8 and 12, below. 



♦Matteucci and Caruthers, 
J. Am. Chem. Soc. 103. 3 
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EXAMPLE 6 

Preparation of dial | t yl., < nn M thmcvehl n^ ,,.. 

Dialkylamine (2 noles) is added dropwise over 1 hour 
to a solution of 133 g (1 Bole) of methoxydichlorophosphine*in 
400 n , of ether stirring mechanically at -10°. The reaction 
i« stirred additionally for 1 hour and the mixture is then 
filtered, the salt washed well with ether and the ether 
distilled at atmospheric pc^u^^,^^,,,^^^ 
product. 



Dimethylamino: Bp 40-42° (13 mm) NMR: 31 p£>179.5 

Diethylamino: Bp 87-89° (18 mm) NMR: 31 p6l79." 3 

Diisopropylamino: Bp 83-86° (12 mm) NMR: 31 p6i8 0 * 8 

Isopropylmethylamino: Bp 62-64° (12 mm) NMR: 3 V6l76.8 

The latter two products are novel products. 



EXAMPLE 7 

Preparation N | N-dialkyl-mpfhylniirl(?osidv1 nhnc phnr^,^ ( 6,7_ ,8,9.) 

■ To a solution of 5 mmoles of protected nucleoside 3 in 10 ml 
of dry aci d-free THF stirred at room temperature under a dry"nitro 9 en 
atmosphere is added 4.3 ml (25 mmoles) of d i isopropy! ethy 1 3m ine 
followed by the dropwise addition over 1-2 minutes of 10-15 
™o1es of either dimethylaminomethoxychlorophosphine (1.3 ml) 
diethylaminomethoxychlorophosphine (1.5 ml), di isopropylmethoxy- 
c lorophosphine (1.5 ml) or methyl isopropylmethoxychlorophosphine 
u.s jnl). The reaction temperature rises to~40°. After 



*See Martin et al., J. Am. Chem. Sn,. 72, 4584 (1950) 
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10 



15 



20 



25 



stirring at room temperature for 15 minutes the reaction is 
diluted with 50 ml of acid free ethyl acetate and extracted 
with 10% sodium carbonate solution (x4). The organic fraction 
is dried (sodium sulfate), evaporated in vacuo, and then 
redissolved in 10 ml of acid free ethyl acetate. Product is 
obtained by precipitation into 300 ml of vigorously stirring 
hexane maintained at -70° followed by filtration and washing 
with -70° hexane (300 ml). While still cold, the filter, 
with the product left untouched, is transferred to a vacuum 
dessicator and dried under high vacuum for 24 hours. Yields 
typically exceed 90% with purities ascertained by 31 P nmr of the 
product and by tic (1:1 ethy lacetate/THF) of the product oxidized 



with 


1% t-butylhydroperoxide 


in methanol . 


The results using 


protected nucleosides 


3 a, b, 


€ and d are 


summarized in Table 1. 






Table 1 




Base 


Product * 




2 — -£ 


Purity 


A 


6a 


147.1, 


147.0 


85-90%** 




Za 


148.8, 


148.6 


» 95%* 




8a 


148.2, 


148.0 


>95% 


C 


6b 


147.8, 


146.8 


80-85% 




7b 


149.4, 


149.1 


92% 




8b 


148.3, 


148.0 


> 95% 


G 


■6c 


146.5, 


146.3 


85-90% 




Is. 


148.0, 


148.2 


>95% 




8c 


148.4, 


148.1 


^95% 


T 


6d 


147.3, 


146.5 


85-90% 




7d 


148.7, 


148.1 


95% 




8d 


148.1, 


147.9 


^•95%' 




9d 


147.1, 


146.7 


^92% 



30 



Nucleoside phosphite analogs 
^ = dimethyl analog 
X = diethyl analog 

8 = diisopropyl analog 

9 = i sopropyl methyl analog 



These are novel products 
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^Product free of starting nucleoside but contaminated with 
10-15% of hydrolyzed material whose resonances appear at 
8-20 ppm . Additionally, small amounts of hydrolyzed chloro- 
phosphite appear at 17 ppm. 

f Product free of starting nucleoside and of hydrolyzed product 
but 3-5% 0 f hydrolyzed chlorophosphite persists (£ = 15 Ppm ). 

EXAMPLE 3 

DNA Synthesis Cycle Per Reaction r.k— . i 



The synthesis of DNA on the solid support (©in Scheme 1) 
descried above is conducted most expeditiously by using a 15 ml 
sintered glass funne1 of medium uith g Tef lon © stopcQck 

in the stem. By placing the funnel through a rubber stopper in a 
filtering flask, the system can be connected to a vacuum to aid in 
removal of solvents at each step. Depending on the amount of DNA 
desired, 50-100 mg (5-lO^moles of nucleoside) of nucleoside- 
s' is placed in the funnel and subjected to the sequence defined 
m Table 2. At each step the funnel is agitated gently to mix 
contents. Detr itylation of the nucleoside silica 5 and each 
subsequent trityl protected residue is effected rapidly with 
saturated ZnBr., in nitromethane containing 5% methanol to yield 
Product 10 (Scheme 1); however, to insure complete defection, 
steps 1-3 (Table 2) are repeated until no more orange color is 
released upon ZnBr., treatment. After washing with methanol, THF and 
-tonnrile, the funnel is capped with a closure assembly Lving 
n ,„ 3e ct,on port at the top closed with a rubber serum stopper and 
hav.ng a s.dearm inlet port for provision of an inert gas 
blanket over the funnel contents. Then, under a dry argon atmosphere, 
5 ml of acetonnrile freshly distilled from calcium hydride is 
added by syringe through the serum stoppered injection port. The 
solvent is vacuum filtered without allowing the silica to become 
completely dry. Nucleoside phosphite (45-90 mg, 10-20 

ZT^T. ^ °" 25 ^ ° f <■ — by syringe, 

followed by ejection of su5Hmed tetra2ole C]5 ^ Q ^ ^ 

ecvivalents) in 0.5-0.75 ml of dry acetonitrile. The mixture is 
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agitated occasionally for 10 minutes after which it is filtered 
and submitted to a hydrolytic wash to give product 11 CScheme 1). 
Oxidation to phosphate is then effected with ^ providing product 12 
< Scheme 1>. Fol lowing a wash sequence with acetonitrile and 
with THF, acetic anhydride is added in the presence of dimethyl- 
aminopyridine to cap, and render unreactive, any 5* hydroxyl 
groups that did not react in the condensation step. Following 
a wash with methanol and with nit romethane, the sample is ready 
for another round of synthesis. One cycle of events requires 
a total of ^25 minutes and as many as six reaction vessels 
have been manipulated at one time. The condensation efficiencies 
can be roughly approximated by following spect rophotomet rica 1 ly 
the absorbance of each detr ityl ation step. The amount of phosphite 
necessary for each condensation is variable and depends on the 
humidity above the reaction. Under carefully controlled 
conditions, 10 equivalents are usually sufficient for 90-95% 
yield. 

Once the desired sequence has been achieved and the last 
nucleotide has been added and detritylated, the DNA is deprotected 
by removing the phosphate methyl groups using 2.0 ml of 1:2:2 
thiophenol/triethylamine/dioxane for 45 minutes at room temperature . 
The silica is then suspended in 2.0 ml of cone, ammonium hydroxide 
for 2-1/2 hours which removes the DNA from the support. Heating 
the supernatant at 50° for 20 hours removes all of the base 
protecting groups. The resulting solution is then chilled and 
carefully evaporated in vacuo to afford crude DNA which is 
purified in Example 9, below. 
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Reaction Scheme 1 . 



The DNA synthesis cycle 



0 




* Nucleoside phosphite 
From Exampl e 7 
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Table 2 



DNA Synthesis Cycle 
(25 minutes/cycle) 





Reagent or Solvent 


Volume 


Time 


1 

I • 


sat. ZnBr 2 /5x methanol/ni tromethane 


2.0 ml 


5 min 


2. 


methanol wash 


2 ml 




3. 


nitromethane wash 


2 ml 




4. 


repeat 1-3 until no more orange color 
is released. 






c 

5. 


methanol wash 


2 ml 




6. 


acetonitrile wash 


5 ml 




7. 


serum stopper funnel /argon 






8. 


dry acetonitrile wash 


2x2 ml 




9. 


10-20 eq phosphite 
+ 10-20 eq tetrazole 


0.24 ml 
0.50 ml 


A min 


10. 


1:2:2 2,6-lut idine/water/THF 


5 ml 


1 min 


11. 


0.2 M I 2 /2,6-lutidine/water/THF 


5 ml 




12. 


acetonit ri le wash 


5 ml 




13. 


THF wash 


5 ml 




14. 


0.5 M dimethylaminopyridine/THF 

+ 1:1 acetic anhydr ide/2*6-lut idine 


1 ml 
0.5 ml 


2 min 


15. 


methanol wash 


5 ml 




16. 


nitromethane wash 


5 ml 





eq = equiva lents 



i 
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■ An improved and preferred * e *hc" i • 

hydroxy] protecting group from th. ^'^^ the 

nucleoside (steps ll Z th ' ^ 

treatment with « (1 " ! ^ C °^ S < S • two minute 

— f011 j ^r^^ri°rr e aci ' d ,n dicM - 

«. having a ^ of f 9 rom it s 2 to bo : t Tr- other 

about 1.5, can be used in p]ace of ri **' "* pref ^bly 

17 u , p ce of d ich1opoacetic acid c 

below, in which this improved detr / ld * See E **^' 

MA synthesis. ""ityiatmg step was used in the 



10 



EXAMPLE 9 

DNA Purifira*^ 



The crude DNA residue is resuspended in 250-300 ul 
6-50 column buffer (25 m M Tri s -HCl, pH = 7.6 ♦ 100 m Nad) 
s and loaded onto a 10 ml G-50-40 Sephade,® co1umn 

w.th t e same buffer. The sample is eluted and 1 ml fr act tn S 
are collected. After reading the optical density at 260 nm for 
each fraction, the first four column fractions having absorbing 

iTeU t 3r V eSted deS1>ed Pr0dU " by -^acrylamide 

9el electrophoresis: An alipuot of the column fraction 

(approximately 1 O.D. unit, usually 40-60 pi) i s cooled to n o 
™. ^e ernatant is J^JT^ ^ 

* oo e : e :; due is resuspended 10 « ~< ng 

1 T nno" °* 0,% Cyan0K Aft ting for 

a 20* polyacrylamide gel (140 x 160 x 1.5 mm, 8 mm wide slots) 

conta^ng 7 M urea. Samples are el ectrophoresed toward the 
30 a T " ! V * ° n aCry1araide ' blue migrates 

;; h ; D :- r -»"• - s W i th . ^ L, t 

the dye if n will obscure the desired DNA) . DNA is visualized 
by short wave uV shadowing on a Brinkman Polygram CEL. 300 
Polyethyleneimine thin layer chromatography (TLC) P l ate . 
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Preparative scale "electrophoresis is performed as 
follows: An aliquot of the G-50 column fraction containing 
3-5 O.D. units of DNA is precipitated with 5 volumes of ethanol 
as above. After cent rifugat ion (3 rain in an Eppendorf 5412 or 45 min 
in a Beckman J2-21 at 10 k rpm) the supernatant is decanted and 
residual ethanol is removed in vacuo. The dried DNA is 
resuspended in 40 yl formamide plus appropriate tracker dye(s). 
Following treatment at 100° fori min, the sample is loaded onto 
a 20% acrylamide gel C140 x 160 x 1.5 mm, 35 mm wide slots). 
After electrophoresis, the DNA is visualized by UV shadowing. 
The plug of acrylamide containing the desired DNA band is cut 
out and extruded through a 3 ml B-D disposable syringe (no needle) 
into a 1.5 ml Eppendorf tube. Column buffer + 0.1% SDS is added 
(~*1.0 ml), and the sample is extracted overnight. Acrylamide 
pieces are removed by filtration through glass wool. More 
column buffer (1.0 ml) is used to wash the acrylamide. The 
filtrate is twice extracted with 2 ml n-butyl alcohol, and 
the DNA is ethanol precipated as above. The pure product is 
resuspended in 1 ml G-50 buffer, and the O.D. at 260 nm is 
determined (1 O.D. unit = 35 y DN A). (min = minutes) 
(B-D = Becton Dickinson) 
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EXAMPLE 10 



The stability of the dialkyla*nno nucleoside 
Phosphites prepared in the above examples was evaluated by 
testing their half-life behavior in acetonit ri 1 e. The 
results are set forth in Table 3 which shows the stability 
sequence: 



Me 

-NMe^<-NEt2^=N^ «-N C i P P ) . 



^iPr 
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Table 3 


Stability of Nucleoside 
in Acetonitrile at Room 


Phosph ites 
Temper atu re 


Nucleoside 
Phosphite 


T l/2 


(hrs) 3 


NMe 2 NEt 2 


Me 

N(iPr)- N^ 

irr 


h 0CK * 
_ Dn 1 -art — OP ^ 

x 


45 


> 6 days 


» t>HT-dC bz — 


8 30 » 


>6 days^ 


" DMT-dG 1b — 


48 1 


^6 days 


DMT-dT — 
*. DMT-dC tol ~ 


6 days 
^5 davs 


J>6 days 76 days 


1. Value is an estimate 


as decomposition product precipitated. 



- 2. There is no change in the spectrum after 64 hours. 



3. Half lives were determined by following the disappearance of 
phosphite peaks at 146-148 p_pm and appearance of decomposition 
products at 0-20 ppm.in the ->lp nmr spectrum. Solutions were 
ca. 0.05 M in phosphite. 

X = Dialkylamino group 
Me = Methyl 
Et = Ethyl 
iPr = Isopropyl 
bz = Benzoyl 

t 

tol =o-Toluyl 
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EXAMPLE 11 



10 



15 



20 



Preparation of controlled pore glass (CPG) 
support and w^-?,'] ^ Jtg'^ffg. 

A suspension of 2.0 g of CPG, Pierce Chemical 
Company, Prod uct Number 24875, 0.425 g of DMT-dN-succ inyl 
ester (compound 4, Example 3), 0.600 g of l-ethyl-3- 
Q-dlMthyl-lno-propyDearbodH^d. hydrochloride (Sigma 
Chem.cal Company), and 0.030 g of 4-dimethylaminopyridine 
m 8 ml of dimethylformamide ^DMF^and^-o-f-pyKd^e^ 
was shaken gently for 18 hours, after which it was 
filtered and washed with 0MF and tet rahydrof uran (THF) . 
The support was then resuspended in 4 ml of pyridine 
containing 2 .1 of acetic anhydride and shaken for 2 
hours. After filtering and washing with THF, the support 
was dried in vacuo. Functiona 1 ized CPG obtained in this 
manner reproducibly had loadings of about 4 0>J moles of 
nucleoside per gram of CPG as determined by Citation 
at 498 nm in the visible spectrum of trityl cation released 
b^acid. This f uncti onal ized CPG was used as the solid 
support in Example 12, below. 
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EX AMPLE 72 

DNA Synthesis 

A large number of DNA syntheses using the method 
described hereinbefore have reproducibly shown the 
superiority of the hindered dialkyl amino nucleoside 
phosphites and the CPG solid support when compared to 
the dimethylamino nucleoside phosphites and the silica 
support. The following parts illustrate these improvements. 

A. Attempts to prepare the following 23-mer failed to 
give product in several runs using dimethylamino nucleo- 
side phosphites on silica support; however, when the 
corresponding diethylamino nucleoside phosphite on silica 
support was used, a 5% yield of product was obtained which 
was isolated, purified and shown to be biologically active. 

5 CCGGAGATCTGCAGATTATTTGG 3 ' 

B. The fol lowing. 14-mers which are probes for isolating 
specific m-RNA ' s were synthesized using diethylamino nucleoside 
phosphites on silica (I) and CPG (II) supports: 

5 ACATTCCAACTCAT 3 ' (I) 
G G 



AC ATTCC AAG ACAT^ (ID 
G G 
T 
C 

The overall yield of I was 18% whereas the overall yield of 
II was 35%. 
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In addition to improved yields with CPG (as assayed 
by the f inal detritylation), the DNA in II contained 
-or. of the desired product with fewer failure seances as 
deternnned by gel electrophoresis on samples 1abeled with 



32 P 



C m another DNA syntheses, two 17- me rs, pri.ers for 
Sanger s dideoxy sequencing i n M -,3, the reverse primer ^ 
synthesized on S iH ca g II? and th> ^ 

synthesis on CPG (IV) using diethy la.ino.ethoxy nucleoside 
Phosphne. See Sanger et ,1.. pn^^, ^Cn). 5463 . 5467 



5J 



CAGGAAACAGCTATGAC 3 " (m) 



5 GT AAAACG AC GGC C AGT 3 ' 



(IV) 



The production of IV on CPG i_,=,«r _ i 

on CPG was itatnvely higher than III 

and showed fewer failure sequences as by-products. 

D. m the syntheses of the following 10-mer on CPG CV) 
Methyl- and diisopropyl nucleoside phosphites each provided 
yields of about 40% and gave DNA of equal quality This d«. ♦ 
lively e.ivalent effectiveness of the die^ 
dnsopropyl analogs. 



5 'ggaattcttt 3 ' 



(V) 
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EXAMPLE 13 

In another DNA synthesis, the following 17-mer (VI) 
was prepared on CPG solid support substantially according to 
the method described in Example 12, above, except that 
5 dichloroacetic acid (pK 1.5) was used as the detritylating 

agent instead of ZnBr 2 , as described at the end of Example 8, 
above. The total synthesis time was reduced by about one-third 
and the yield was increased by about 1002 by this improved 
detcitylation step. 

« i 

10 5 GTC AT AGGTGTTTCCTG 3 (V I ) 



Various other examples can be devised by the person 
skilled in the art after reading the foregoing disclosure without 
departing from the spirit and scope of- the invention, and it is 
intended that all such examples be included within the scope of 
15 the apended claims- 
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WHAT IS CLAIMED IS: 



1. A. process for the production of oligonucleotides 
wh 1C h comprises the step of condensing the 5«-0H 
group of a nucleoside or oligonucleotide covalently linked 
to an inorganic solid support through the 

3-0- linkage of said nucleoside or oligonucleotide with a 
hindered dialkylamino nucleoside phosphite of the following 
formula 



10 




wherein B = protected purine or pyridine 
base, 

R = protecting group, 

R] + R 2 = alkyls in which the total 
number of carbon atoms is 
4 to 6, 

R 3 = alkyl having one to 6 
carbon atoms, and 

X = H or OR . 
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2. The process of Claim 1 in which the dialkylamino 
group is diethylamino. 

3. The process of claim 1 in which the dialkylamino group 
is diisopropyl 

4. The process of Claim 1 in which the dialkylamino group 
is methylisopropyl . 

5. The process of Claim 1 in which R is a trityl protecting 
group. 

6. The process of Claim 1 in which the inorganic solid 
support is silica. 

7. The process of Claim 1 in which the inorganic solid 
support is controlled pore glass. 

8. The process of Claim 1 in which the inorganic solid 
support is linked to nucleoside or oligonucleotide through 
a long chain spacer having at least 15 atoms in the chain. 

9. The process of Claim 1 in which the dialkyl amino group 
is diethyl and the inorganic solid support is controlled 

pore glass with a long chain spacer having at least 15 atoms 
in the chain. 

10. The process of Claim 1 in which the dialkylamino 
group is diisopropyl and the inorganic solid support is 
controlled pore glass with a long chain spacer having at 
least 15 atoms in the chain. 

11. The process of Claim 1 in which the dialkylamino group 
is methylisopropyl and the inorganic solid support is 
controlled pore glass with a long chain spacer having at 

least 15 atoms in the chain. 
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12. 0 



nne. 



"sopropylatninomethoxychlorophosphine. 
13. Methylisopropylaminomethoxychlorophosph^ 
H- Dlisopropylamino nucleoside phosphite. 

15. Methyl isopropylamino nucleoside phosphite. 

16. process for the production of oligonucleotides 
which comprises the step of condensing the 5 '-OH group of a 
nucleoside or oligonucleotide covalently linked to an inorganic 
solid support through the3'-Q- 1 inka ge^sa,^^^^ 

oligonucleotide with a dial kylamino nucleoside phosphite of the 
following formula ' - 




10 R,0 / \- 



,R 

1 



wherein B = protected purine or pyrimidine 
base, 

R = protecting group, 
R r R 2 , and R 3 = alky Is having from one to 
15 6 carbon atdms, 

X = H or OR, 

•nd ,„ uMchtKe in or 9a Mc solid support Mnked ,„ nue| ^,, M , 
•r .l,.«u.l«.,d. t(.r«,h a ,„ chain spscer „ „ 

atoms m the chain. 
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17. The process of Claim 1 in which the protecting 
group is a trityl group and in which detritylation of protected 
nucleoside residue is carried out by treatment with a protic 
acid having a pK of from about 1.2 to about 1.8. 

18. The process of Claim 17 in which the protic acid 
is dichloroacet ic acid having a pK of about 1-5. 
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